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GEAR ASSEMBLY FOR A ROTARY
CONNECTION OF A WIND TURBINE, A

WIND TURBINE HAVING SAME AND A
SEALING ELEMENT FOR SAME

BACKGROUND

Technical Field

The invention concerns a gear arrangement, in particular
for a rotary connection of a wind turbine. The invention
further concerns a wind turbine. The invention further
concerns a sealing element for sealing off a gear arrange-
ment 1n particular of a wind turbine. Furthermore the inven-
tion concerns a method of lubricating a gear arrangement of
a wind turbine.

Description of the Related Art

Wind turbines are generally known. The use of gear
arrangements for rotary connections of wind turbines is also
generally known, at all those locations at which parts have
to be moved with a rotational movement relative to each
other. In the classic sense for example in relation to an
azimuth bearing reference 1s made to a rotary connection. At
that location the pod is rotated relative to the pylon. A further
example of a rotary connection would be a pitch mounting
ol a rotor blade.

Gear arrangements of the above-indicated kind are sub-
jected 1n operation to loadings inter alia by the drive
producing the rotary movement. The teeth which are in
engagement with each other, besides a rolling movement,
always also generate a frictional movement relative to each
other. Wear occurs at the locations of the tooth flanks in the
gear arrangement, that are subjected to friction. In order to
limit the wear, the gears of the gear arrangements are
therefore lubricated 1n known fashion by the supply of
lubricants. That 1s intended to prevent the friction which
necessarily occurs and the wear that 1s linked thereto.

In particular 1n the case of the rotary connections which
are known for wind turbines the wear of the gear arrange-
ment 1s not regular. An example to be emphasized here, in
connection with the invention, 1s the pitch mounting of the
wind turbine. After the wind turbine 1s installed it 1s oriented
in a preferential direction, from which the wind driving the
wind turbine predominantly blows. The central tooth of the
drive gear, that 1s in engagement with the driven gear, 1s also
referred to as the “golden tooth”. As that tooth 1s 1n engage-
ment with the oppositely disposed gear more frequently than
the other teeth of the driving gear the wear there 1s corre-
spondingly greater. For that reason there 1s a particular need
here to be able to supply sutlicient lubricant. That equally
applies generally for gear arrangements.

In the state of the art that has hitherto been managed by
wetting the tooth or teeth which are to be lubricated with
lubricant at very short lubrication intervals. For example
systems are known, in which the tooth or teeth to be
lubricated are supplied with lubricant by means of a lubri-
cant supply arrangement fixedly installed on the gear
arrangement through passages 1n the teeth, the lubricant then
being introduced into the foot space of the respective gears.

It has been found however that after a very short time the
lubricant introduced 1s expelled from the gap space between
the interengaging gears again so that very short lubrication
intervals and a very high level of lubricant consumption
result. A further disadvantage which has been observed 1s
that, for renewed lubrication of the gear arrangement loca-
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tion that 1s respectively involved, pivotal movement of the
drive pinion of the gear arrangement in the driven rotary

connection has to be eflected through generally about 90 to
180° so that the pinion 1s accessible for the additional
introduction of lubricant. This can involve considerable
losses 1n power generation as for example in the case of a
pitch mounting the rotor blades are outside of the preferred
direction 1n relation to the wind as a consequence of the
pivotal movement of the gear arrangement through an angle
of 15 to 30° or more, and 1n that case only obtain very little
to no power from the wind.

The above-described lubricating solutions in which lubri-
cant 1s introduced through the teeth admittedly obviate those
problems but are however structurally expensive and com-
plicated.

BRIEF SUMMARY

Provided 1s a gear arrangement 1n which the lubricating
characteristics and the capability of retaining lubricant are
improved. The gear arrangement may reduce the wear of a
golden tooth in the gear arrangement.

There 1s proposed a gear arrangement comprising a first
gear, a second gear 1 engagement with the first gear,
wherein 1n the engagement position a gap space 1s provided
between a first tooth and a second tooth of the first gear and
a second tooth of the second gear, and a sealing element
which 1s arranged between the first gear and the second gear
and seals off the gap space to prevent lubricant escape. It 1s
to be appreciated that, irrespective of the kind of tooth
arrangement, there 1s always a small gap space between the
mutually meshing teeth of the first and second gears of the
gear arrangement. In the normal situation the lubricant
escapes through that gap. Provided herein 1s the available
gap space 1s closed outwardly by means of the introduction
of a sealing element between the first gear and the second
gear at precisely the location at which wear 1s preferably to
be mimimized. The sealing element which preferably com-
prises a compressible material 1s compressed 1 the gap
space as a consequence of engagement between the first and
second gears and closes the gap space so that previously
introduced lubricant can no longer escape through the gap
space. A surprisingly great improvement in the wear perfor-
mance has been found to occur by virtue of using the
lubricant.

Advantageous developments and preferred embodiments
of the gear arrangement are set forth 1n the appendant claims
and the description hereinafter. Thus 1n a first preferred
embodiment a development of the gear arrangement pro-
vides that the sealing element has a first sealing lip, a second
sealing lip substantially parallel to the first sealing lip and
rests on the first gear in such a way that the first sealing lip
1s seated at a flank of a first tooth and the second sealing lip
1s seated at a flank, that 1s towards the flank of the first tooth,
ol a second tooth adjacent to the first tooth. Thus the first and
second sealing lips form a seal to prevent radial escape of
lubricant between the teeth when a tooth of the second gear
1s 1n engagement between the first and second teeth of the
first gear.

Further preferably the sealing element has a third sealing
lip and a fourth sealing lip substantially parallel to the third
sealing lip and rests on the first gear 1n such a way that the
third and fourth sealing lips extend at least portion-wise
along the tflanks of the first and second teeth of the first gear
and connect the first and second sealing lips together.
Preferably the third and fourth sealing lips are oriented at an
angle of 90°+/-5°. Accordingly the third and fourth sealing
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lips 1n engagement with the tooth of the second gear between
the first and second teeth of the first gear form a seal to
prevent lubricant from axially escaping. Particularly prefer-
ably the sealing element has the first, second, third and
fourth sealing lips.

In a preferred configuration the third and fourth sealing
lips are respectively connected to an end portion of the first
and second sealing lips so that they jointly provide an
integral sealing element. The third and fourth sealing lips are
of such dimensions that 1n engagement with the tooth of the
second gear they project axially on both sides and at least
portion-wise surround the tooth of the second gear at the
end. In that configuration the common tooth engages as it
were 1mnto a pocket formed by the sealing element.

In a particularly preferred configuration the sealing ele-
ment has a recess for receiving lubricant into the region of
the root circle diameter of the first gear, in particular
delimited by the first, second, third and fourth sealing lips.
Insofar as the first, second, third and fourth sealing lips
define and delimit the recess between them, the recess serves
as a pocket for recerving the lubricant. The pocket preferably
surrounds the region 1n opposite relationship to the engage-
ment of the tooth of the second gear, that engages into the
recess. That configuration 1s particularly advantageous for
the reason that the recess 1s already accessible from the
outside upon very slight pivotal movement of the first and
second gears relative to each other. Just a few degrees of
pivotal movement are suilicient 1n order to provide suilicient
gap space between the gears that a cannula or similar
discharge means of a lubricant application device can be
introduced for supplying lubricant between the gears in
order to 1ntroduce lubricant into the recess and thus into the
region of the root circle diameter of the first gear. The recess
1s closed upon pivotal movement into the engagement
position between the first tooth of the second gear and the
first and second teeth of the first gear and the lubricant can
perform 1ts lubricating task without being pressed axially
and/or radially out of the engagement relationship by the
mutually meshing teeth of the first and second gears.

An embodiment of the invention 1s particularly preferably
intended for use at that location in the gear arrangement, at
which the golden tooth 1s arranged. In operation it 1s not
always immediately apparent from the outside, which of the
teeth of the gear in question constitutes the golden tooth.
Therefore a preferred embodiment proposes that the {first
gear further has at least one third tooth and a fourth tooth,
which are arranged 1n adjacent relationship at both sides of
the first and second teeth, and the second gear further has at
least a second and third tooth which are arranged 1n adjacent
relationship at both sides of the first tooth, wherein 1 the
engagement position a respective gap space 1s provided
between the corresponding teeth of the first gear and the
second gear, and the sealing element seals off the gap space
respectively to prevent lubricant escape. The portions of the
sealing element for the third and fourth teeth of the first gear
which are respectively 1n engagement with the second and
third teeth of the second gear are of an identical configura-
tion as described hereinbefore 1n relation to the first and
second teeth of the first gear and the first tooth of the second
gear. A plurality of first and second sealing lips, preferably
connected with further third and fourth sealing lips respec-
tively, bear against mutually facing, oppositely disposed
flanks of adjacent teeth, are brought, 1n engagement with the
respective second or third tooth of the second gear, into
contact 1n sealing relationship with the respective tooth and
thus seal off the gap space remaining between the gears to
prevent lubricant escape.
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After the golden tooth has been identified the further
portions of the sealing element preferably serve as reserve
sealing elements. If the portion of the sealing element which
seals ofl the golden tooth against lubricant loss 1s worn the
sealing element merely has to be displaced by one tooth and
operation can be continued.

The configuration of the sealing element for sealing off a
plurality of teeth also predestines the sealing element for use
on driven rotary connections like for example that of cranes
and the like.

As 1s already apparent from the foregoing therefore in
further preferred embodiments the sealing element has a
corresponding number of further first, second, third and
fourth sealing lips, wherein the first and second sealing lips
are substantially parallel to each other and the third and
fourth sealing lips are substantially parallel to each other.

The first, second, third and fourth sealing lips also bear for
the further teeth against the first gear 1n such a way that the
first sealing lips sit on a respective flank of the first, second,
third and fourth tooth and the second sealing lips sit on a
respectively facing tlank of the adjacent tooth, and the third
and fourth sealing lips extend at least portion-wise along the
flanks of the first, second, third and fourth tooth of the first
gear and connect the respective first and second sealing lips
together.

In this embodiment 1n regard to the further portions of the
sealing element the gear arrangement 1s preferably of the
configuration as set forth hereinbefore in relation to the
foregoing embodiments.

In a preferred configuration the first and fourth sealing
lips are connected together by means of a bar which extends
at the end along the first gear and preferably fixes the sealing
clement axially to the first gear.

The third sealing lips are therefore preferably connected
together by means of a {irst bar while the fourth sealing lips
are preferably connected together by means of a second bar.
The first and second bars reliably prevent the sealing ele-
ment from slipping down from the first gear in the axial
direction.

In a preferred configuration the sealing element comprises
one of the following maternials: polyurethane (PUR), silicone
rubber, tluorosilicone rubber, fluoro rubber, acrylate rubber,
perfluoro rubber, polychloroprene rubber, chlorosulpho-
nated polyethylene rubber, polyester urethane rubber, butyl
rubber, natural rubber, ethylene propylene diene rubber
(EPDM), nitrile rubber (NBR), hydrated nitrile rubber
(HNBR), APTK, Viton or a combination of a plurality of
those materials.

Preferably the sealing element 1s of a Shore-A hardness 1n
a range ol 20 to 90, preferably 1n a range of 30 to 63. The
Shore-A hardness 1s determined for example 1n accordance
with DIN EN ISO 868:2003-10 or ISO 7610-1:2012-02.

In a second aspect, as mentioned 1n opening part of this
specification, the invention concerns a wind turbine. In
particular, one embodiment 1s directed to a wind turbine,
with a rotary connection, in particular a pitch rotary con-
nection for rotor blade angle adjustment, and a gear arrange-
ment for driving the rotary connection, wherein preferably
the first gear 1s a ring gear and the second gear 1s a drive
pinion and wherein moreover preferably the tooth of the
second gear and the first and second teeth of the first gear 1n
an engagement position of the gear arrangement are 1n
engagement with each other, insofar as the gear arrangement
1s 1n accordance with one of the above-described preferred
embodiments. In regard to the advantages achieved and
preferred embodiments attention 1s directed 1n that respect to
the foregoing description relating to the gear arrangement.
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By the wind turbine being provided with such a gear
arrangement according to the invention 1t enjoys the corre-
sponding advantages.

In a third aspect the mvention also concerns the sealing
clement for sealing off a gear arrangement itsellf.

One embodiment 1s directed to proposing the use of a
sealing element for sealing off a gear arrangement, wherein
the sealing element can be arranged between a first gear and
a second gear 1n engagement with the first gear, wherein 1n
the engagement position a gap space 1s provided between a
first tooth and a second tooth of the first gear and a tooth of
the second gear and wherein the sealing element 1s adapted
to seal off the gap space to prevent lubricant escape.

A development of the sealing element 1s preferably 1n
accordance with one of the above-described preferred
embodiments which have been set forth hereinbefore in
relation to the gear arrangement. The sealing element makes
a crucial contribution to improved retention capacity for
lubricant between the teeth of the gear arrangement.

As mentioned in the opening part of this specification, 1n
a fourth aspect the mvention concerns a method of lubri-
cating the gear arrangement of a wind turbine. In that respect
the wind turbine 1s particularly designed 1n accordance with
one of the above-described preferred embodiments. The
method attains the stated object by including the steps:
pivoting the gear arrangement through a predetermined
angular amount so that the gap space between the first and
second teeth of the first gear and the tooth of the second gear
1s accessible, preferably through less than 15°, particularly
preferably through 2° or less, feeding lubricant 1nto the gap
space, 1n particular by means of a lubricant application
device which either i1s arranged permanently opening with
its outlet opening into the gap space or which 1s introduced
with 1ts outlet opening mto the gap space, and pivoting the
gear arrangement back through the predetermined angular
amount so that the sealing element seals off the gap space.

Preferably mtroduction of the outlet opening into the gap
space 1s synchronized with the pivotal movement of the gear
arrangement 1n such a way that, when the predetermined
angular range of the pivotal movement of the gear arrange-
ment 1s exceeded, lubricant 1s automatically mtroduced into
the gap space by the outlet opening (which 1s either perma-
nently disposed there or intermittently introduced into the
gap space) ol the lubricant application device, a predeter-
mined amount of lubricant 1s discharged into the gap space,
it 1s removed from the gap space and then the return pivotal
movement of the gear arrangement takes place.

Further preferably that operation 1s repeated 1n automated
fashion and at predetermined time intervals. By virtue of the
only very slight pivotal angle required, only a very low level
of power generation loss has to be tolerated in each such
operation. It 1s thus possible and preferred for the above-
described operation, also referred to as “lubricating mode”,
to be repeated at time 1ntervals of 2 hours or shorter, further
preferably 1 hour or shorter, particularly preferably 30
minutes or shorter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The 1nvention 1s described in greater detail hereimnafter
with reference to the accompanying Figures by means of a
preferred embodiment. In the Figures:

FIG. 1 shows a diagrammatic perspective view of a wind
turbine according to the present ivention,
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6

FIG. 2a shows a diagrammatic cross-sectional view of the
connection between a rotor hub and a rotor blade of the wind

turbine of FIG. 1,

FIG. 2b shows a diagrammatic cross-sectional view of the
connection between a pylon and a pod of the wind turbine
of FIG. 1,

FIG. 3 shows a gear arrangement according to the imven-
tion for a wind turbine as shown 1n FIGS. 1 and 24, 5,

FIG. 4 shows a detail view relating to the gear arrange-
ment of FIG. 3, and

FIG. 5 shows a diagrammatic perspective view ol a
sealing element for a gear arrangement according to the
foregoing Figures.

DETAILED DESCRIPTION

FIG. 1 shows a diagrammatic view of a wind turbine 100
according to the invention. The wind turbine 100 has a pylon
102 and a pod 104 on the pylon 102. Provided on the pod
104 1s an aerodynamic rotor 106 having three rotor blades
108 and a spinner 110. In operation of the wind turbine 100
the acrodynamic rotor 106 1s caused to rotate by the wind
and thus also rotates a rotor or rotor member (not shown) of
a generator which 1s directly or indirectly coupled to the
aerodynamic rotor 106. The electric generator 1s arranged 1n
the pod 104 and generates electric power. The generator 1s
preferably in the form of a slowly rotating synchronous
generator.

The rotor 106 has a rotor hub 109 to which the rotor
blades 108 are mounted by means of a first rotary connection
1124 1n the form of a pitch rotary connection respectively.
FIG. 2a shows such a pitch rotary connection. The first
rotary connection has a first bearing ring 111 which 1s fixed
to the rotor hub 109 and a second bearing ring 113 connected
to a rotor blade 109. The first rotary connection 112a 1s
operatively connected to a gear arrangement 1 by a first gear
3 being non-rotatably connected to the rotor blade and by a
second gear 5 being arranged at the hub side as a dnive
pinion. The drive pinion 5 is preferably driven by means of
a drive unit 120.

The pod 104 1s connected to a pylon 102 by means of a
second rotary connection 1125.

FIG. 26 shows a second rotary connection 11256 of the
wind turbine 100 1n detail. The rotary connection 1125 has
a first bearing ring 114 fixed to a carrier structure 118 of the
pod 104. In addition the rotary connection 1125 has a second
bearing ring 116 connected to a shait end 101 of the pylon
102.

The rotary connection 1125 1s operatively connected to a
gear arrangement 1 by a first gear 3 which 1s 1n the form of
a gear ring being fixed at the pylon side to the rotary
connection 1126 and by a second gear 5 1n the form of a
drive pinion being arranged at the pod side on the rotary
connection 11256. The drive pinion 5 1s preferably driven by
means of a drive unit 120. The wind turbine 100 can
optionally have a plurality of such drive units 120 and a
plurality of second gears S which are 1n engagement with the
first gear 3 1n order to produce a rotational movement of the
pod 104 relative to the pylon 102. To clearly illustrate the
essence of the invention hereinafter only one gear arrange-
ment having a first gear 3 and a second gear 5 will be
discussed 1n detail, in which respect the teaching can also be
applied 1n corresponding fashion to a plurality of gear
arrangements 1 on the wind turbine 100.

As can be seen from FIG. 3 the second gear 5 has a {first
tooth 9a which 1n the present embodiment 1s to be assumed
to be the so-called “golden tooth”. The gear arrangement 1
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1s disposed in the engagement condition shown 1n FIG. 3 for
the predominant time 1n operation of the wind turbine 100

(FIG. 1).

In the position shown 1n FIG. 3 the tooth 94 of the second
gear 5 1s 1n engagement between a first tooth 11a and a
second tooth 115 of the first gear 3. In a mirror 1mage-
reversed configuration of the gear arrangement 1, 1n which
therefore the first gear would be the drive pinion, the tooth
11a or 115, for example, would be golden tooth. Moreover
the gear arrangement additionally has at the respective other
gear a second golden tooth so that 1t 1s also possible to refer
to a “golden tooth pair”. Usually the pinion 1s markedly
harder than the driven gear ring so that wear phenomena
occur more at the ring gear. In addition the ring gear can only
be replaced with difliculty so that protection thereof 1s a
matter of priority.

A gap space 1s defined between the first tooth 9a of the
second gear 5 and the first and second teeth 11a, 5 of the
second gear 3 (FI1G. 4). In addition disposed on the first gear
3 15 a sealing element 7 which 1s compressed 1n engagement
by the second gear 5 and seals ofl the gap space to prevent
lubricant escape 1n the axial and radial directions. Details 1n
regard thereto will be apparent from the following Figures.

FIGS. 3 and 4 show by way of example the engagement
situation as between the first gear 3 and the second gear 5,
and also the arrangement 1n principle of the sealing element
7. Provided between the tooth 9a of the second gear 5 and
two mutually facing tooth flanks 13a, 15a of the first and
second teeth 11a, 115 of the first gear 3 is the gap space 17
which extends substantially from the location of the engage-
ment between the two gears 3, 5 1nto a foot region 19 of the
first gear 3. In operation lubricant like for example lubri-
cating grease 1s disposed in that space. In a condition
without the sealing element 7 the lubricating grease could
escape 1n the radial direction along the tooth tlanks 13a, 15a
and 1n the axial direction laterally from the gap space 17. To
prevent that the sealing element 7 i1s inserted between the
first and second gears 3, 5 1 such a way that a first sealing
lip 21 sits between the tooth 9a of the second gear 5 and the
flank 13a of the second tooth 11a of the first gear 3 and a

second sealing lip 23 1s arranged at an oppositely disposed
side of the first tooth 9a of the second gear 5 between the
tooth 9a and the flank 15a of the second tooth 115. The
sealing lips 21, 23 are compressed by the teeth 11a, 9a, 115
of the gears 3, 5 and seal off the gap space 17 to prevent
lubricant escape in the radial direction.

In addition the sealing element 7 has a third and a fourth
sealing lip 25, 27 which are respectively connected to an end
region of the first and second sealing lips 21, 23 and bear at
an edge region of the second gear 5 sealingly against the
flanks 13a, 15a and the tooth 9a. That prevents lubricant
escape Irom the gap space 15 outwardly 1n the axial direc-
tion.

It will also be apparent from FIG. 4 that a pivotal
movement of the gear arrangement 1 through a few degrees
from the position shown 1n FIG. 4 already provides that the
sealing gap 1s no longer sealingly closed but 1s opened to
such an extent that an outlet opening of a lubricant appli-
cation device can be introduced into the gap space 17 1n
order to deposit lubricant there.

For reasons of greater clanty FIG. 4 only shows the
sealing element 1n engagement with the tooth 9a and the
teeth 11a, 115 of the gears 5, 3. The same concept however
can also be transterred to the adjacent second and third teeth
956, 9¢ of the second gear and the third and fourth teeth 11c,
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11d of the first gear 3, that are adjacent to the first and second
teeth 11a, 115, as shown 1n FIG. 5, and for any further tooth
of the gear arrangement 1.

As can be clearly seen from FIG. S arecess 29 1s provided
in the sealing element 7, more specifically being respec-
tively delimited by a first sealing lip 21, a second sealing lip
23, a third sealing lip 25 and a fourth sealing lip 27. There
are overall three such recesses 29. The recesses 29 serve as
pockets or lubricant storage configurations. In order further
to improve the structural imtegrity of the sealing element the
third sealing lips 25 are respectively connected to the fourth
sealing lips 27 by means of a plurality of bars 31 which can
optionally be additionally provided as sealing lips 1n the foot
region of the first gear 3.

For axially fixing the sealing element 7 on the first gear 3,
provided on both sides of the gear 3 at the ends of the sealing
clement 7 are respective bars 33, 35 which connect the third
sealing lips 35 together and which connect the fourth sealing
lips 27 together.

The fourth and third sealing lips 25, 27 are preferably
spaced from each other and are of a respective width such
that they overlap laterally in the axial direction at the ends
of the second gear 5 (see FIG. 3 by way of indication).
Accordingly the sealing lips also embrace the second gear 5
at the end and additionally enhance the sealing action 1n
relation to axial lubricant escape.

In operation the lubricating method 1s preferably carried
out as follows:

After the sealing element 7 has been fitted on to the gear
3 for setting up operational capability thereof and the
recesses 29 have been supplied with lubricant the gear
arrangement 1 1s pivoted into the operative position so that
the first tooth 9a or golden tooth engages 1nto the recess 29
between the first tooth 11a and the second tooth 115 of the
first gear 3. The sealing element 7 seals off the gap space 17
in relation to lubricant escape as long as the tooth 9a 1s 1 a
condition of engagement. If the wind direction changes (in
the case of an azimuth rotary connection) or if the pitch
angle 1s altered (1n the case of a pitch rotary connection)
slightly, the tooth 9a moves out of engagement, but 1n return
one of the two teeth 95, 9¢, or silver teeth, comes into
engagement between either the third tooth 11¢ and the first
tooth 11a or the fourth tooth 114 and the second tooth 115.
The gap space which occurs there 1s sealed ofl 1n the same
manner as described hereinbelore.

For re-supplying the recesses 29 with lubricant a lubri-
cating travel mode 1s preferably carried out. In the so-called
lubricating mode the gear arrangement 9 1s moved out of 1ts
previous position by a few degrees, preferably less than 15°,
particularly preferably less than 2°. Lubricant 1s then intro-
duced through an outlet opening 1into one of the recesses
which were previously 1n engagement laterally by means of
a lubricant application device, for example a cannula or the
like, which 1s specifically introduced for that purpose or
which alternatively 1s arranged permanently on the gear
arrangement. After introduction has been efiected lubricant
1s fed 1nto the respective recess 29. I this does not involve
a permanently arranged device the lubricant application
device 1s removed again and the gear arrangement 1 1s
pivoted back into the previous position. That synchronized
procedure 1s preferably to be repeated at predetermined
lubricating intervals.

After the service life of the sealing element 7 1s reached
the sealing eflect can be restored involving a very low level
of working implementation by one-time pivotal movement
of the gear arrangement 1 through an adequate angular
amount away from the first gear 3 and—in an embodiment
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having a plurality of recesses 29—by simple displacement
by a tooth, or 1n the case of total wear, by fitting a fresh
sealing element 7.

The sealing element 7 which preferably comprises a
compressible material can be manufactured in large numbers
at low cost and can be stored 1n a condition requiring a small
amount of space 1n order 1f necessary to be rapidly available
for replacement.

The 1nvention claimed 1s:

1. A gear arrangement, for a rotary connection of a wind
turbine, comprising;

a first gear, and a second gear 1n engagement with the first
gear, wherein when the first gear 1s 1n an engaged
position with the second gear a gap space 1s provided
between a first tooth and a second tooth of the first gear
and a tooth of the second gear; and

a sealing element arranged between the first gear and the
second gear, the sealing element being configured to
seal a portion of the gap space to prevent lubricant from
escaping therethrough,

wherein the sealing element has:

a first sealing lip, and
a second sealing lip substantially parallel to the first
sealing lip, and

wherein the sealing element rests on the first gear 1n such
a way that the first sealing lip 1s seated at a flank of the
first tooth, and the second sealing lip 1s seated at a flank,
that 1s towards the flank of the first tooth, of the second
tooth adjacent to the first tooth.

2. The gear arrangement according to claim 1 wherein:

the sealing element has a third sealing lip and a fourth
sealing lip substantially parallel to the third sealing lip,
and

the sealing element rests on the first gear 1n such a way
that the third and fourth sealing lips extend at least
portion-wise along the flanks of the first and second
teeth of the first gear and connect the first and second
sealing lips together.

3. The gear arrangement according to claim 2 wherein the
third and fourth sealing lips are respectively connected to an
end portion of the first and second sealing lips.

4. The gear arrangement according to claim 2 wherein the
third and fourth sealing lips are of such dimensions that
when 1n engagement with the tooth of the second gear, the
third and fourth sealing lips project axially on both sides and
at least portion-wise surround the tooth of the second gear at
an end.

5. The gear arrangement according to claim 2 wherein the
sealing element has a recess for receiving the lubricant 1nto
a region of a root circle diameter of the first gear and
delimited by the first, second, third and fourth sealing lips.

6. The gear arrangement according to claim 2 wherein the
gap space 1s a first gap space, wherein:

the first gear has at least one third tooth and a fourth tooth,
which are arranged in adjacent relationship at both
sides of the first and second teeth,

the second gear has at least a second and third tooth,
which are arranged in adjacent relationship at both
sides of the first tooth,

in the engaged position a second gap space 1s provided
between the corresponding teeth of the first gear and
the second gear, and

the sealing element seals off the second gap space to
prevent lubricant escape.

7. The gear arrangement according to claim 6 wherein:

the first and second sealing lips are substantially parallel
to each other, and
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the third and fourth sealing lips are substantially parallel

to each other.

8. The gear arrangement according to claim 7 wherein the
third and fourth sealing lips are connected together by a bar
that extends at an end along the first gear and fixes the
sealing element axially to the first gear.

9. The gear arrangement according to claim 7 wherein the
sealing element comprises one of the following materials:
polyurethane (PUR), silicone rubber, fluorosilicone rubber,
fluoro rubber, acrylate rubber, pertluoro rubber, polychloro-
prene rubber, chlorosulphonated polyethylene rubber, poly-
ester urethane rubber, butyl rubber, natural rubber, ethylene
propylene diene rubber (EPDM), nitrile rubber (NBR),
hydrated nitrile rubber (HNBR), APTK, Viton or a combi-
nation of a plurality of the previously mentioned materials.

10. The gear arrangement according to claim 6 wherein
the first, second, third and fourth sealing lips bear against the
first gear 1n such a way that:

the first sealing lip sits on a respective flank of the first,

second, third and fourth tooth and the second sealing lip
sits on a respectively facing flank of the adjacent tooth,
and

the third and fourth sealing lips extend at least portion-

wise along the flanks of the first, second, third and
fourth teeth of the first gear and connect the respective
first and second sealing lips together.

11. A wind turbine, comprising:

a rotary connection, and the gear arrangement according,

to claim 1 for driving the rotary connection.

12. The wind turbine according to claim 11, wherein the
first gear 1s a ring gear and the second gear 1s a drive pinion,
wherein the tooth of the second gear and the first and second
teeth of the first gear are 1n engagement with each other in
an engaged position of the gear arrangement.

13. The wind turbine according to claim 11, wherein the
rotary connection 1s an azimuth rotary connection for a pod
angle adjustment or a pitch rotary connection for a rotor
blade angle adjustment.

14. A method of lubricating a gear arrangement of a wind
turbine, the method comprising:

pivoting the gear arrangement through a predetermined

angular amount to a first engaged position, wherein the
gear arrangement comprises a first gear and a second
gear 1n engagement with the first gear, wherein the first
engaged position provides a gap space between {irst
and second teeth of the first gear and a tooth of the
second gear,

teeding lubricant into the gap space, and

pivoting the gear arrangement back through the predeter-

mined angular amount so that a sealing element seals

oil the gap space, the sealing element arranged between
the first gear and the second gear, the sealing element
being configured to seal a portion of the gap space to
prevent lubricant from escaping therethrough,

wherein the sealing element has a first sealing lip, and a

second sealing lip substantially parallel to the first
sealing lip, and wherein the sealing element rests on the
first gear 1n such a way that the first sealing lip 1s seated
at a flank of the first tooth, and the second sealing lip
1s seated at a flank, that 1s towards the flank of the first
tooth, of the second tooth adjacent to the first tooth.

15. The method according to claim 14, wherein the
predetermined angular amount 1s less than 15°.

16. The method according to claim 14, wheremn feeding
lubricant into the gap space comprises securing a lubricant
application device so that the lubricant application device 1s
arranged with an outlet opeming directed to the gap space.




US 11,248,679 B2
11

17. A sealing element for sealing a gear arrangement,
wherein the sealing element 1s arranged between a first gear
and a second gear 1n engagement with the first gear, wherein
in the engagement position, a gap space 1s provided between
a first tooth and a second tooth of the first gear and a tooth 5
of the second gear, and wherein the sealing element 1is
adapted to seal off the gap space to prevent lubricant escape,

wherein the sealing element has:

a first sealing lip, and
a second sealing lip substantially parallel to the first 10
sealing lip, and

wherein the sealing element rests on the first gear 1n such

a way that the first sealing lip 1s seated at a flank of the
first tooth and the second sealing lip 1s seated at a flank,
that 1s towards the flank of the first tooth, of the second 15
tooth adjacent to the first tooth.
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